This study was conducted to compare the overall changes in dietary intake and metabolic syndrome risk parameters in Vietnamese marriage-based female immigrants over time.
INTRODUCTION 9)
International marriage migration has increased dramatically in Korea since the 1990s. The international marriage rate peaked at 13.6% of total marriages in 2005 and has since decreased to 8.3% in 2013. Recently, the nationalities of foreign women marrying Korean men have expanded to include women not only from China and Southeast Asian countries but also from Russia and Uzbekistan. However, Chinese women (33.1%) and Vietnamese women (31.5%) still made up the majority of these immigrant women in 2013 [1] .
Immigrants face a lot of problems and culture shock is a large problem due to the language, disparate living conditions, and the differences caused by maladjustment and discrimination, which can easily lead to emotional stress such as depression [2] [3] [4] [5] . Such distressful situations for migrants can bring about changes in food consumption (higher energy density food intake such as snacks, lower intake of grains, and overall decreased food consumption [6] ) and dietary habits (eating irregular meals and skipping breakfast [7] ). In addition, many studies have reported that dietary patterns in immigrants change through acculturation [8] [9] [10] [11] although this may not be related to stress.
These dietary changes in immigrant women are an important issue because inadequate nutritional status in women of reproductive age affects women's health status, pregnancy and childbirth, and increases the risk of nerve damage to the fetus, premature birth and low birth weight [12] . Multiparity was associated with an increased risk of metabolic syndrome and related features [13] . Also, unhealthy eating habits are connected with the risk of metabolic obesity despite normal weight [14] .
Female immigrants will become an important part of the future of Korea, in addition to being wives and mothers who will likely be responsible for their families' diets, as they perform the primary role in maintaining the health of their children. Despite this importance, only one follow-up study involving Vietnamese female immigrants to Korea [15] investigated changes in their dietary intake (consumption of cereal, vegetables, fruits, and total food decreased over time, whereas consumption of milk and dairy products increased) between baseline and follow-up periods. This previous study [15] also reported changes in anthropometric and biochemical variables such as mean skeletal muscle mass decreased, plasma high density lipoprotein-cholesterol (HDL-cholesterol) increased, and high sensitivity C-reactive protein (hs-CRP) decreased at follow-up. However, the study did not investigate the association between changes in food intake and biochemical variables. The purpose of this study was to compare the overall changes in dietary intake, anthropometric variables and blood profiles over time, and to investigate the association between changes in food intake and metabolic syndrome risk parameters in Vietnamese female immigrants living in Korea.
SUBJECTS AND METHODS

Study subjects
The subjects were Vietnamese marriage-based female immigrants who voluntarily participated in the Cohort of Intermarried Women in Korea. The Cohort of Intermarried Women in Korea is an ongoing, prospective, epidemiological study that is a part of the Korean Genome and Epidemiology Study (KoGES) established in November 2006 [7, [15] [16] [17] . The baseline data (n = 2,875) was collected from 2006-2011, and follow-up data was collected in 2012-2014. A total of 1,105 subjects participated during both periods (baseline and follow-up) at local clinical centers in Korea. Among these participants, 208 women of childbearing potential who did not measure the anthropometric parameters were excluded from the study. Of the remaining 897 immigrant women, subjects with the following conditions were also excluded: insufficient data on dietary intake (n = 154); energy consumption of less than 400 kcal (n = 18) or more than 3,500 kcal (n = 3); pregnant (n = 136), and outliers (n = 5). A total of 581 Vietnamese female immigrants were therefore eligible for this study. This study protocol was approved by the Human Investigation Review Board of Ewha Womans University College of Medicine .
General characteristics
The subjects were individually interviewed by trained technicians for general characteristics, and by graduate students trained in nutrition for dietary consumption and behaviors using standard protocols at baseline and follow-up. Vietnamese translators helped in the process when needed. The questionnaire developed for this study also included variables for age, education, occupation, income, current alcohol consumption, smoking status, exercise and physical activity. Education status was categorized as elementary school completion or less, middle school completion, high school completion or less, and high school completion or more. Household monthly income status was classified as < $1,000, $1,000-$1,500, and > $1,500. Alcohol drinking status was classified into current and nondrinkers. A regular exerciser was defined as a person who performed exercise regularly enough to induce sweating.
Anthropometric parameters
Anthropometric measurements were obtained by trained nurses or medical personnel. Standing height and body weight were measured using an automatic height/weight measuring instrument (Dong Sahn Jenix, Seoul, Korea). Body mass index (BMI) was calculated as kg/m2. Waist and hip circumferences were measured with a tape measure (Anthropometric tape, Preston 5193, Seoul, Korea). Body composition was assessed with an INBODY 230 (Biospace Co, Seoul, Korea). These measurements were taken once.
Blood profiles and blood pressure
Blood samples were obtained by medical technologists after an 8-hour overnight fast, collected in ethylenedianmine tetraacetic acid-containing tubes, and centrifuged at 3,500 rpm for 10 minutes at 4°C. Plasma samples were stored at -70°C until analysis was performed. Fasting blood sugar levels, total cholesterol, high density lipoprotein-cholesterol, and triglycerides were also measured with an autoanalyzer (ADVIA 1550, Bayer Diagnostics, Tarrytown, NY). Low density lipoprotein-cholesterol (LDL-cholesterol) was calculated as described by Friedewald as follows: LDL-cholesterol = total cholesterol -HDL-cholesterol -(triglycerides/5) [18] . Serum hs-CRP was measured with an ADVIA 1650 using an hs-CRP-Latex (II) X2 kit (Seiken Laboratories Ltd., Tokyo, Japan). Systolic and diastolic blood pressure was measured using an automatic blood pressure calculator (Jawon Medical, Gyeongsan, Korea) and read by attending medical doctors after a 10-minute rest in the sitting position. The average of two measurements was used.
Dietary intake
The dietary intake of each participant was assessed using a 1-day, 24-hour recall method by a trained interviewer who had majored in nutrition. The interviewer asked for a detailed summary of the subjects' food and drink consumption in the last 24 hours. Food models were used to estimate portion size. Food and nutrient intake data were analyzed using the Computer Aided Nutritional Analysis program version 3.0 software [19] .
Statistical analysis
The data were expressed as the mean with standard error (continuous) or as frequencies and percentages (categorical). Blood profiles were log transformed in order to normalize their distributions before analysis. The differences in the categorical variables of general characteristics between the baseline and follow-up period were evaluated using the McNemar test. The paired t-test was used to compare the general characteristics, daily food intake, anthropometric parameters, and blood profiles between the baseline and follow-up period. Partial correlation test was used to analyze correlations between the rate of change [(Follow-up -Baseline) / Baseline × 100] in daily food intake and blood profiles after adjustment for age, BMI, occupation, income, alcohol drinking and exercise at baseline. All analyses were performed using the SAS 9.3 software (SAS Inc., Cary, NC, USA). All reported probability tests were twosided, and the differences were considered significant at the 5% level.
RESULTS
General characteristics
The mean length of residence in Korea was 3.0 ± 1.2 and 5.2 ± 0.9 years at baseline and follow-up, respectively. The cohort observation duration for the 581 Vietnamese subjects was 4.1 ± 1.1 years. The mean age was 24.7 ± 4.0 years at baseline. Almost 57.3 % of the subjects had a current job by the follow-up period, and the proportion was significantly higher than at baseline (11.2%, P < 0.0001). Most of the follow-up subjects had a monthly household income of $ 1,000-$ 1,500 (46.6%, P < 0.0001) ( Table 1 ). The women included in the study did not differ from those excluded with regard to the general characteristics (data not shown).
Anthropometric parameters, blood profiles, and blood pressure
There were significant differences in the mean weight (P < 0.0001), waist circumference (P < 0.0001), and BMI (P < 0.0001). The fasting blood sugar (P = 0.0004), triglycerides (P < 0.0001) and LDL-cholesterol (P < 0.0001) were significantly decreased during the follow-up period. In contrast, the HDL-cholesterol (P < 0.0001) was significantly increased at the follow-up. The mean systolic blood pressure (P = 0.0004) and diastolic blood pressure (P < 0.0001) were significantly increased during the follow-up period. The proportion of overweight women (BMI ≥ 23.0 kg/m 2 ) was 18.9 % and 23.1% at baseline and follow-up, respectively. The proportion of women with abnormal parameters (fasting blood sugar ≥ 100 mg/dl, triglycerides ≥ 150 mg/dl, total-cholesterol > 200 mg/dl, LDL-cholesterol > 130 mg/dl, HDL-cholesterol < 50 mg/dl, and C-reactive protein > 1 mg/dl) significantly decreased at follow-up, as shown in Table 2 .
Daily food intake
The daily food intake for the Vietnamese subjects is described in Table 3 . The average total daily food intake was 972.6 ± 460.1 g/d at baseline and 869.7 ± 351.0 g/d at follow-up, showing a significant decrease during the follow-up period (P < 0.0001). The consumption of cereals/potatoes and related products (P = 0.0499), vegetables/fruits/seaweeds/mushrooms (P < 0.0001), oil and fat (P = 0.0240) and eggs (P = 0.0142) was significantly decreased, whereas the consumption of sugars (P = 0.0006), beverages (P < 0.0001) and meats (P = 0.0027) was significantly increased at the follow-up.
Correlation between the rate of change in daily food intake and metabolic syndrome risk parameters
We examined the correlations between food intake and metabolic syndrome risk parameters at baseline and follow-up, respectively, after adjusting for age and BMI. At baseline, a significant positive correlation was observed between BMI and total cholesterol, triglycerides, LDL-cholesterol and serum CRP levels. This correlation was maintained during the follow-up period. Waist circumference was positively correlated with total cholesterol, triglycerides and serum CRP levels only at baseline. Serum CRP level was negatively correlated with the percentage of total intake from plant food and was positively correlated with the percentage of total intake from animal food only at baseline. Waist circumference was positively correlated with the intake of either total plant food or total food while HDLcholesterol level was positively correlated with the intake of total animal food or the percentage of total intake from animal food only at follow-up (data not shown). There were no correlations for the rate of change in anthropometric parameters, All (n = 581) 
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2) r1 : Significantly different by Pearson's correlation analysis (* P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001) 3) r2 : Significantly different by partial analysis adjusted for age at baseline (* P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001) 4) r3 : Significantly different by partial analysis adjusted for age and body mass index at baseline (* P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001) 5) r4 : Significantly different by partial analysis adjusted for age, body mass index, occupation, income, alcohol drinking and exercise at baseline (* P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001) Table 4 . Correlation coefficients between rate of change 1) in metabolic syndrome risk parameters and food intake 2-5) (n = 581) blood profiles, blood pressure and daily food intake with the length of residence in Korea (data not shown). Table 4 presents the partial correlation between the rate of change in food intake and metabolic syndrome risk parameters in the Vietnamese subjects. After adjusting for age, BMI, occupation, income, alcohol drinking and exercise at baseline, the waist circumference was positively correlated with the intake of either total plant food (r = 0.1042, P = 0.0129) or total food (r = 0.0880, P = 0.0359). The plasma levels of total cholesterol (r = -0.0918, P = 0.0289) and HDL-cholesterol (r = -0.1424, P = 0.0007) were negatively correlated with the percentage of total intake from plant food. In addition, HDL-cholesterol was positively correlated with the total intake of animal food (r = 0.0980, P = 0.0217). The serum CRP levels were positively correlated with the total intake of animal food (r = 0.2374, P < 0.0001) or the percentage of total intake from animal food (r = 0.1346, P = 0.0016).
DISCUSSION
The purpose of the present study was to compare changes in dietary intake and metabolic syndrome risk parameters between baseline and follow-up after 4.1yr, and to investigate the association between changes in biochemical variables and food intake in Vietnamese marriage-based female immigrants in Korea.
We found that the consumption of total food including vegetables/fruits/seaweeds/mushrooms, oil and fat and eggs by the Vietnamese subjects was lower at the follow-up period compared to that at the baseline, whereas the consumption of sugars, beverages and meats increased. Despite insufficient total dietary intake, increased intake of sugars, beverages, and meats provide excessive saturated fats and calories. Sugar consumption is increasing in Korea. These eating habits can lead to dietary diseases such as obesity and metabolic syndrome. Several studies [8, [20] [21] [22] [23] have reported a relationship between the acculturation of immigrants and unhealthy changes, for instance, the high intake of sweets, salty snacks, and fat, and the lower intake of fruits and vegetables by highly adaptable immigrants from Mexico living in the US [20, 21] . Chinese immigrants to the US with high western dietary acculturative scores had a higher consumption of animal products, sweets and fats [22, 23] . Regev-Tobias et al. [8] reported that more than 80% of Ethiopian female immigrants living in Israel decreased their intake of fruits, vegetables and dairy products and increased the consumption of grains and simple sugar. However, other immigrant studies have reported positive changes in diet [9] [10] [11] . The high acculturation of Mongolians in Korea led to a higher intake of rice and vegetables, and a lower intake of potatoes, meat, and flour products compared with low acculturated Mongolian immigrants [10] . Chinese immigrants decreased their fat intake after immigrating to Canada [9] , and more than 50% of Chinese immigrants increased their fruit and vegetable consumption, and gained increased knowledge of healthy food habits [11] .
In our subjects, the mean body weight, BMI and waist circumference as well as the average HDL-cholesterol, SBP and DBP increased while the fasting blood sugar, triglycerides and LDL-cholesterol decreased during the follow-up period of 4.1 yr. Among the metabolic syndrome risk parameters, 2 parameters (waist circumference, SBP and DBP) increased and 3 parameters (Low HDL-C, BG, TG) decreased but remained within the normal ranges. Our results showed increases in waist circumference and BMI coupled with high consumption of energy (sugar and beverages) and saturated fat (meat). Also, the increase in SBP and DBP might be affected by the high sodium diet characteristic of Korean traditional foods. In a previous study of Vietnamese female immigrants in Korea, the intake of total food including cereals, vegetables, and fruits as well as mean skeletal muscle mass decreased, while plasma HDL-cholesterol and serum CRP levels increased from baseline to follow-up of 28.1 months [15] . Migration of Koreans to the US results in changes in the diet and an increased risk of chronic diseases over time. The length of residence was also positively associated with the prevalence of thyroid disease and inversely associated with digestive disease as well as with intake of rice and rice dishes in women [2] . Mohan et al. [24] indicated that immigration to developed countries results in increased weight. Indeed, increased chances for employment increases the frequency of dining out. Lee et al. [25] showed that female immigrants who had lived for more than 5 years in Australia had increased waist circumference and BMI, and high consumption of energy and saturated fat. Asian immigrant women in Korea gained weight after their arrival and the prevalence of being overweight or obese increased with long term residence in Korea. [16, 26] These reports are consistent with our results.
We found a positive association between the intake of total animal food and CRP, a biomarker for subclinical inflammation, at baseline and follow-up. Also, we found a significant association between total food intake, total animal or plant food intake and metabolic syndrome risk parameters (waist circumference, LDL, and HDL/LDL) at follow-up. We controlled for confounding factors. These results are explained as follows: according to a cross sectional study that evaluated the association between meat consumption and metabolic syndrome, subjects in the upper quartile of meat consumption had higher HDLcholesterol than those in the low quartile [27] . Connor et al. [28] reported that the plasma cholesterol had a significant negative association with vegetable fat and vegetable protein and a positive association with total fat, animal fat, eggs and animal protein. Hong et al. [29] reported that the dairy and fruit pattern was associated with reduced blood glucose and metabolic syndrome risk parameters.
According to the 2013 Korean Health and Nutrition Examination Survey (KNHANES Ⅵ-1) [30] , the total food consumption of Korean women was 1,336 g/d. However, the total food intake of our subjects was lower than that of Korean women at both baseline (972.6 g) and follow-up (869.7 g). Additionally, their energy intake was 1,449.1 kcal at baseline and 1,385.8 kcal at follow-up, respectively (data not shown), which is lower than that of Korean women (1,779 kcal) [30] and also lower than the energy intake requirements for a Vietnamese female [31] . These results reflect a lack of dietary diversity due to imbalanced dietary intake for marriage-based immigrant women.
We investigated the rate of change in intra-individual parameters (including food intake and metabolic parameters) between baseline and follow-up to figure out the intraindividual changes. All parameters, except for fasting blood sugar, LDL and eggs, showed growth. In other words, despite a decrease in the mean total food intake after follow-up, intra-individual total food intake increased. Also, intra-individual total food intake and total plant or animal food intake were positively associated with intra-individual changes in waist circumference, total cholesterol, HDL and CRP. These results indicate that increasing food consumption is associated with future development of metabolic syndrome. Therefore, nutrition education programs should be linked to health improvement as well as poverty reduction and social development.
Our study had some limitations. Firstly, a 1-day 24-hour recall may not be sufficient to estimate normal daily intake due to the large intra-individual variability in food and nutrient intakes. However, trained registered dietitians using standard protocols were employed to help the subjects reflect on their daily diet to minimize bias. Secondly, there were some communication problems. Although Vietnamese translators, fluent in both Korean and Vietnamese, assisted when needed, there were still some communication problems, particularly with immigrants who had lived in Korea for a relatively short time and had a low level of education. Thirdly, physical activity is one of the factors that affect anthropometric parameters and blood profiles. Although levels of physical activity were not thoroughly investigated, it can be said that reduction in hard labor farming, transport by foot and other physical activities, coupled with increased consumption of sugar and other beverages after migration from Vietnam may influence metabolic syndrome risk parameters in the long run.
Despite these limitations, this study has some strengths. This is the first follow-up study on the association between food intake and metabolic syndrome risk parameters in Vietnamese female immigrants living in Korea. This study was part of the International Collaboration Study for the Construction of Asian Cohort of the Korean Genome and Epidemiology Study (KoGES) performed on a large scale, and the latest data for the analysis of changes in the nutritional status and blood profiles during the follow-up period were used. Moreover, information on the identified and potential confounding factors was included in the analysis.
In conclusion, these results suggest that the change rate of dietary intake such as total plant food or animal food is associated with the change rates of metabolic syndrome risk parameters. Despite insufficient dietary intake, a few metabolic syndrome risk parameters (waist circumference and blood pressure) might be affected by eating habits such as sugar, beverage and meat as well as total food intake in Vietnamese marriage-based female immigrants. Food security and dietary diversity are necessary for these women as well as the practice of healthy dietary habits. The results of this study may be helpful to registered dietitians for the development and implementation of nutritional and health programs for Vietnamese female immigrants living in Korea, and can be the basis for further study on marriage-based immigrants and multiethnic families. Further study is needed to assess the association between changes in nutritional status and chronic disease in Vietnamese marriage-based female immigrants.
